Background: In China, childhood obesity is a growing health issue. Eating behaviors among children can be influenced by both the family and school environment. We examine the association between these environments and eating habits among children. Methods: A total of 11 270 fourth to sixth grade school children, 11 270 of their fathers or mothers, and 1348 teachers from 48 schools were sampled using a multistage cluster random sampling method. Questionnaires collected information on eating behaviors among children, non-communicable chronic disease (NCD)-related health knowledge and behaviors among teachers, and education levels among parents. Mixed effect logistic regression models were used to describe the key associations between eating behaviors among children and teacher and parental characteristics. Results: Health awareness, positive health attitudes, never-smoking and regular-exercise among teachers was positively associated with healthy eating behaviors among their students (having breakfast, vegetables and dairy products every day; P < 0.05), and negatively associated with the unhealthy behaviors (daily intake of fried foods and desserts and sugary beverages; P < 0.05). More than one parent having a high school level or above was positively related to healthy eating behaviors among their children (P < 0.05), but its associations with high-calorie eating habits were negative in urban and positive in rural areas (P < 0.05). Conclusions: School-based interventions which target health-related awareness, attitude and behaviors among school teachers may help improve school-aged children's eating behaviors.
Introduction

C
haracterized by a slender population in the past, today China faces a major challenge with obesity, especially among children. 1, 2 Globally, long-term follow up studies find obese children tend to become obese adults, 3, 4 and an increased risk for hypertension, diabetes, cardiovascular disease, cancer and increased mortality. 5 Hence, effective prevention measures for childhood obesity are urgently needed.
Because children are growing in height, a reduction in adiposity may occur without reducing energy intake. However, good eating habits, a balanced diet and regular physical activity, are also critical elements to prevent childhood obesity. [6] [7] [8] Historically, most interventions that aim to prevent childhood obesity have focused on individual-level behavioral determinants. 9, 10 However, these interventions find only low to modest effects on behaviors among children and have little effects on their weight. 11 Recently, family and school environments are providing avenues to promote healthy behaviors among children. [12] [13] [14] Childhood weight, eating behaviors and physical activity are often associated with health attitudes, lifestyles and socioeconomic status (SES) among their parents. [15] [16] [17] [18] [19] However, considering that school children spend considerable time in school, the school environment is also considered a key input to behavior development among children. 20 Although school environmental determinants have been frequently studied for their association with development of good eating habits among students, [21] [22] [23] the effect of school teachers on health behavior among school children has not been characterized. Assuming that teachers interested in their own health will tend to take more interest in the health among their students, teachers can serve as role models for developing healthy behaviors among their students. 24, 25 However, among Western and Asian populations, few studies have examined the role of school staff in health behaviors and weight status among their students. Therefore, our study examines eating behaviors of school-aged children from both rural and urban areas in China and their association with health awareness, attitudes and behaviors among school teachers and with education levels among their parents. Understanding the role of both school teachers and parents is needed to develop targeted public health efforts that will improve eating behaviors among school children and tackle the challenge of increasing childhood obesity in China.
Methods
Study participants
A national cross-sectional survey conducted during September and October, 2010. Participants were selected using a multistage cluster random sampling method. For the first stage of sampling (provincial level), eight provinces, autonomous regions or municipalities were selected from southern and northern China (figure 1). Each province, autonomous region or municipality, was classified into three strata of low-, middle-and the high-economic levels, according to the gross domestic product (GDP) per capita. For the second sampling stage, three counties or county-level cities were randomly selected in each stratum. For the third sampling stage, one urban and one rural primary school were randomly selected in each county/city. Finally, 12 811 fourth to sixth grade students and one parent for each student (either father or mother), and 1500 of their school teachers were sampled and recruited to participate in the study. Ultimately, 11 270 children, 11 270 parents (response rate 88.0%) and 1348 teachers (response rate 89.9%) from 48 schools participated. Ethics approval was obtained from the Ethics Committee of China Center for Disease Control and Prevention. All adults and children signed written informed consent forms.
Survey methods
All three types of participants (students, parents and teachers) had questionnaires administered by a trained interviewer. The student questionnaire collected information on age, sex and eight daily eating behaviors, including: eating breakfast, fruits, vegetables, dairy products, fried foods, western fast food, desserts and drinking sugary beverages. The parent questionnaire collected information on age, sex, occupation, non-communicable chronic disease (NCD)-related health knowledge and behaviors, the length of time living with their child each year, and their education level. Finally, the teachers' questionnaire collected information on age, sex, education and NCD-related health knowledge and behaviors. For parents and teachers, composite knowledge scores, ranging from 0 to 100, were calculated based on the responses to 21 questions (Appendix 1) on NCD-related health knowledge, with equal scores for each correctly answered question; the frequency of NCD prevention-related behaviors were including: smoking, measuring their body weight at least once a month, measuring their blood pressure at least once a year, having a medical examination at least once a year, and exercising at least once a week.
School-level variables
Eight school-level indicators measured teachers' NCD-related health knowledge and behaviors. Considering possible correlations among these indicators, factor analysis was performed to build comprehensive variables which could represent characteristics among schools independently. Three factors were identified according to the initial eigen values (>1) given by this analysis, and each factor could be explained based on the load coefficients of the eight indicators acquired from the rotated component matrix (Appendix 2). In the final two-level logistic regression models, factor scores for each identified factor generated by factor analysis process were included as the school-level variables. These variables included: the average level of NCD-related health knowledge and positive health attitude among school teachers (factor 1), the concentration of teachers who never smoked (factor 2) and the concentration of teachers who exercised regularly (factor 3). Factor 1 was characterized by three indicators: (i) teachers' average health knowledge score in each school, (ii) percentage of teachers measuring their weight at least once a month and (iii) percentage of teachers measuring their blood pressure at least once a year. A higher score for factor 1 represented better average health awareness and attitudes among teachers in that school. Factor 2 was characterized by two indicators: (i) percentage of female teachers and (ii) percentage of teachers who had no history of smoking. A higher score for factor 2 represented a higher concentration of never-smoking teacher. Factor 3 was characterized by two main indicators: (i) the average age of teachers and (ii) the percentage of teachers who exercised at least once a week. A higher score for factor 3 represented a higher concentration of regularly-exercising teachers.
Statistical methods
Continuous measures were presented as mean AE standard deviation (SD) and categorical variables as percentages. T test and Chisquare test (2 test) were performed to compare urban and rural areas, and to compare teachers with different education levels (middle or high school vs. college and above). These analyses were conducted using Statistical Package for the Social Science version 15.0 (SPSS Inc., Chicago, IL, USA). Associations of health awareness, attitudes and behaviors among school teachers as well as education level among parents with children's eating behaviors were estimated using multilevel logistic models with a binomial distribution assumption and a logit link. In each model, factor 1, factor 2, factor 3 and urban vs. rural status were included as school-level variables, and students' age, sex, length of time living with parents per year, and the education level among parents were included as individual-level variables. The effect of each variable are expressed as odds ratios with their 95% confident intervals (95% CI). Multilevel analyses were performed using the software packages MLwiN version 2.1. 26 All tests for statistical significance were two-sided and the significance level was set as = 0.05.
Results
Description of study participants
Among 11 270 participating primary school children, the proportions of fourth, fifth and sixth graders were 33.1%, 33.6% and 33.2%, respectively; 52.6% were boys; and the mean age was 10.8 years (range 8-14 years). Eating breakfast, fruits, vegetables and dairy products every day, were more common for children in urban areas compared with those in rural areas (all P < 0.001) ( Table 1 ). In contrast, children living in rural areas more commonly reported drinking sugary beverages every day (P < 0.001). We did not find statistically significant differences between urban and rural students for the other three behaviors (eating fried foods, western fast foods and desserts each day). Among 11 270 parents (52.9% were mothers), the health knowledge score, the percent with NCD prevention behaviors (e.g. never smoked, measuring weight at least once a month, measuring blood pressure at least once a year and exercising every week), were all higher in urban than in rural areas (all P < 0.05) (table 1). With respect of parental education level, those living in urban areas had higher education levels (29.0% college-educated fathers and 22.2% college-educated mother in urban areas vs. 6.8% college-educated fathers and 4.4% college-educated mother in rural areas, P < 0.001). Additionally, the length of time during the last year their child lived Only one parent participated in the interview.
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European Journal of Public Health with them was lower in rural parents compared to urban parents (P < 0.001). Among the 1348 teachers, compared to rural areas, teachers in urban areas had a higher average health knowledge score (55.4 and 53.5, P = 0.042, respectively), higher education levels (93.1% and 86.9% were college educated , P < 0.001, respectively) and more healthy NCD-related behaviors, including never smoking (85.7% and 81.2% , P = 0.028, respectively) and having a medical examination at least once a year (42.1% and 35.5% , P = 0.012, respectively) (table 2).
Association of teachers' characteristics with children's eating behaviors
The associations between children's eating behaviors and teachers' health awareness, attitudes and behaviors are found in table 3. At the school level, the average level of NCD-related health knowledge and attitude among teachers (factor 1), was positively associated with four healthy eating behaviors (eating breakfast, fruits, vegetables and dairy products daily) among children (each behaviors P < 0.05), and was negatively associated with their sugary beverage intake behavior (P < 0.05). Never smoking among teachers (factor 2), was positively associated with children's intake of fruits (OR = 1.20, 95% CI: 1.15-1.26, P < 0.05), vegetables (OR = 1.14, 95% CI: 1.09-1.19, P < 0.05) and dairy product (OR = 1.12, 95% CI: 1.06-1.18, P < 0.05), and negatively associated with intake of fried foods (OR = 0.85, 95% CI: 0.75-0.96, P < 0.05). Regular exercise among teachers (factor 3) was positively associated with children's intake of vegetables (OR = 1.07, 95% CI: 1.03-1.12, P < 0.05), and was negatively associated with their eating desserts (OR = 0.89, 95% CI: 0.81-0.96, P < 0.05) and intake of fruits (OR = 0.88, 95% CI: 0.84-0.92, P < 0.05). Finally, urban school children were more likely to daily eat breakfast (OR = 1.15, 95% CI: 1.05-1.27, P < 0.05), dairy products (OR = 1.43, 95% CI: 1.29-1.59, P < 0.05) and western fast foods (OR = 1.48, 95% CI: 0.96-2.26, P < 0.05).
Association of parents' education level with children's eating behaviors
Having higher parent education levels (high school and above) was strongly associated with healthy eating behaviors among their school children, such as daily eating breakfast, fruits and vegetables and dairy product (table 3) . Among the entire study population, parental education level was not associated with unhealthy eating behaviors among children. However, when stratified by residence status, in urban areas, unhealthy eating behaviors (daily intake of fried foods, western fast food, desserts and drinking sugary beverages) among school children were negatively associated higher parents education levels (OR < 1, P < 0.05), while in rural areas, high education level was positively associated with unhealthy behaviors(daily intake of fried foods, western fast food and drinking sugary beverages) (OR > 1, P < 0.05) (Appendix 3-1,  3-2) . Furthermore, length of time living with their parents was also shown to be positively related to school children's fruits (OR = 1.03, 95% CI: 1.01-1.04, P < 0.05) and dairy products intake (OR = 1.05, 95% CI: 1.02-1.07, P < 0.05), and was negatively associated with dessert intake (OR = 0.95, 95% CI: 0.92-0.98, P < 0.05) (table 3).
Discussion
Main results
This is the first national study in China to examine primary school teachers' health awareness, attitudes and behaviors and their associate with their student's eating behaviors. We found that teachers' average health awareness, positive health attitudes, neversmoking and regular-exercising behaviors, were all positively associated with their students' healthy eating behaviors, and negatively associated with the unhealthy ones. In addition, we found that a higher level of education among school children's parents was positively associated with their child's healthy eating behaviors, but its associations with high-calorie eating habits were negative in urban and positive in rural areas (P < 0.05).
School-level associations with health awareness, attitude and behaviors among teachers and their student's eating behaviors
The school environment is a good setting for health promotion interventions among school-age children. 27, 28 School-based strategies to control childhood obesity, in synergy with familybased interventions, 29 focused on dietary and physical activity have been widely studied as a means to control weight gain among children. 21, 23, 28 However, some suggest that healthy food choices in schools are made by the children themselves, regardless of the intensity that schools take to promote children's eating habits. 30 Thus, the school environment, which can support students making good choices is a potential target for school- based interventions for childhood obesity prevention and control. Teachers, while spending considerable time with students, can become powerful role models. 24, 31 and should be considered as one point of intervention. However, few studies have characterized how health attitudes and behaviors among teachers affect obesityrelated risk factors in students. Hence, this study has added to this evidence-base, being the first to report that health awareness, positive health attitude and healthy behaviors among school teachers are associated with healthy eating behaviors among their students, and negatively associated with their unhealthy eating behaviors. Our findings suggest that, in China, school-based prevention of childhood unhealthy eating behaviors, should aim at improving school teachers' health awareness, attitude and behaviors. Additionally, we found healthy behaviors (i.e. regular exercise) among rural teachers was negatively related to children's fruit intake, but positively related to vegetable intake. While seeming inconsistent, rural teachers who exercise regularly may put much more importance on vegetable intake rather than on fruit intake. This hypothesis needs further study.
Associations of parental education level with children's eating behaviors
Childhood obesity and behaviors related to obesity among children, have been extensively studied and found associated with several parental characteristics. Child weight is associated with parent weight 32 and family SES. Family SES, usually determined family income and parental education level, might influence weight among children, through impact their eating behaviors. For example, in western populations, lower SES families have higher use of pressuring feeding practices, which would lead the children to consume more high-calorie foods. 15, 18, 33, 34 In China, despite the westernization in fast economically growing regions, dietary habits are still greatly different from those in western countries, 35 suggesting the relationship between family SES and children's eating behaviors in Chinese population might also be different. In this study, we did find that, in urban settings, children in lower SES families (i.e. low parental education level) had more unhealthy and high-calorie eating behaviors, which is consistent with findings from western countries. However, in contrast, children among higher SES families in rural areas had more high-calorie eating habits. This finding may be due to the unbalanced education quality and health environment among different areas in China. In our study population, parents with higher education levels living in urban had better healthy awareness, attitude and better eating habits (data not shown) compared to those in rural areas with the same education level, which might help to explain the regional disparities. On the other hand, family with more than one higher educated parents were found positively associated with children's healthy eating habits in both urban and rural areas.
Limitations
There are important limitations to our study. First, we not able to make casual inferences because of the cross-sectional study design. To help better understand the teacher-student impact, long-term follow-up studies are needed to further explore school-and family-based interventions. Second, much of our information collected is self-reports and may include some recall bias. Additionally, our school-based survey was completed within 45 min, leaving health awareness, attitude, behaviors and eating habits, assessed with a limited number of questions. In order to address some of these limitations, a follow-up study has already being considered. Third, our study is limited and unable to compare maternal and paternal education level separately. However, earlier studies find that mothers play a more important role in parent-child correlations compared to fathers, due to their 
Summary
This is the first study to demonstrate the association between health awareness, attitude and behaviors among primary school teachers and their student's eating habits, showing these school-level determinants were positively associated with children's most healthy eating habits, and negatively related to the unhealthy ones. In addition, we found that higher family SES was positively associated with good eating behaviors among children, although the pattern is not consistent across urban and rural settings. Our findings provide important insights for developing childhood obesity prevention efforts currently and also for future family interventions studies that include school-based components. 
Key points
Health awareness, attitudes and behaviors among primary school teachers are positively associated with healthy eating behaviors among their students, and negatively associated with the unhealthy ones. Better family SES (indicated by higher education level among parents) was positively related healthy eating behaviors among children, but when refers to the unhealthy eating behaviors the findings were inconsistent across urban and rural areas. This study provides a novel direction for intervention design, policy making and future research for addressing childhood obesity. Family-based environmental interventions should consider components that include school-based interventions targeted at improving health awareness, attitude and behaviors among primary school teachers. 
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